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1. INTRODUCTIGN rently endorsed by the majority of the published 
initiation schemes (e,g, [ 1,3]). 

Prokaryotic initiation factors are not stably 
associated with ribosomes; after promoting the 
assembly of the initiation complex (70 S ribosomes- 
mRNA-bet-tRNA), the factors dissociate from 
the ribosorne before it enters the elongation cycle 
[l-3]. However, the mechanism and the timing of 
the ejection of the initiation factors still remain 
unclear. IF1 is released during subunit association, 
but it must have at least a transient association 
with the 70 S ribosome, so as to affect both the on- 
and off-rates of subunit association 121 and IF2 is 
released from the 70 S initiation complex upon 
GTP hydrolysis, even though the hydrolysis of 
GTP is probably not directly responsible for its 
ejection [4]. 

The picture of IF3 being released from 30 S 
ribosomal subunits upon binding of an IF2-fMet- 
tRNA complex, before the binding of a 50 S ribo- 
somal subunit is very diffic~t to reconcile with our 
current view of the function of IF3 and also with 
some recent data obtained in vivo (see below). 

The alternative pathways for the ejection of IF3 
from the 30 S ribosomal subunit are shown in fig. 1 
where scheme 1 represents the ejection mechanism 
proposed by Van der Hofstad et al. [9], while 
scheme 2 represents an updated version of the ejec- 
tion mechanism proposed originally [5,6]. 

In the case of IF3, early experiments had sug- 
gested that the factor is displaced by the binding of 
the 50 S ribosomal subunits to the 30 S initiation 
complex [5&J. Later reports, however, indicated 
that IF3 is released at an earlier stage, namely upon 
the binding of IF2 and fMet-tRNA to the 30 S 
ribosomal subunits [7-g], and this is the view cur- 

Here we have reinvestigated the timing of IF3 
release from ribosomes. This was done by ex- 
ploiting the protection from ~-ethylm~eimide 
(MalN-Et) modification conferred by 30 S riboso- 
ma1 subunits on the single Cys SH group of IF3 
[lo]. The present data confirm the earlier findings 
that IF3 is released according to scheme 2 of fig. 1, 
upon subunit association and not during the as- 
sembly of the 30 S initiation complex. 

2. MATERIALS AND METHODS 

This paper is dedicated to Professor Mario Ageno on the GTP and bacteriophage R17 RNA were obtained 
occasion of his 70th birthday. from Boehringer Mannheim. Ar-[ethy&2-3H]Ethyl- 
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Fig.1. The alternative mechanisms of IF3 released from 30 S ribosomal subunits. Schemes 1 and 2 illustrate the alter- 
native mechanisms proposed for the ejection of IF3 from 30 S ribosomal subunits. Both pathways lead to the formation 
of the same end product, i.e. the 70 S initiation complex. Scheme 1 begins with a 30 S-mRNA complex containing IF3 
and IF1 (according to this model, the IF3-dependent binding of mRNA to the ribosomes is regarded as the first event 
in initiation). In step A, a binary complex of IF2 and fMet-tRNA interacts with the 30 S-mRNA complex to form a 
30 S initiation compiex. The ejection of IF3 occurs during step A since IF3 and the fMet-tRNA-IF2 complex are said 
to be mutually exchrsive on the 30 S ribosom~ subunits 191. Scheme 2 begins with a pre-ternary complex, a 30 S 
ribosomal subunit with all 3 initiation factors bound to it and having both mRNA and fhiet-tRNA sites occupied. In- 
teraction between the initiation codon of mRNA and the anticodon of l?vIet-tRNA takes place in the subsequent first- 
order, rate-limiting ribosomal transition C producing the ‘30 S initiation complex’ [l&20]. The 50 S ribosomal subunits 
associate with this complex and eject IF3 from the 30 S ribosomal subunits either directly (via step D) or indirectly by 
sequestering 30 S initiation complexes (step E) from which IF3 has fallen off. Even though formally different from the 
mechanism of scheme 1 the ejection of IF3 in step E would be practically equivalent to it if equilib~um E were shifted 

to the right even in the absence of 50 S ribosomal subunits. 

maleimide (525 mCi/mmol) was purchased from 
New England Nuclear. All other chemicals were 
obt~ned from Merck (R~mstadt). ~sc~eric~~ff 
coli MRE 600 30 S and 50 S ribosomal subunits 
and purified initiation factors were obtained as 
described [ 11,121. Formyl[3H]Met-tRNAp” was 
prepared following the published procedure [ 131. 
MalN-Et modification of Cys 66 of IF3 was carried 
out essentially as described in [lo]; further details 
are given in the legend to fig.2. 

3. RESULTS 

Each 30 S ribosomal subunit binds one molecule 
of IF3 with a E(,=2.5 x 10’ M-’ 1141. Binding of 
IF3 to the large ribosomal subunits is negligible as 
long as they are in their native state and not per- 

turbed structurally by being deproteinized [IS] or 
unfolded [ 161. The addition of 50 S ribosomal 
subunits to 30 S subunits bearing IF3 promotes the 
ejection of the factor [5,6]. These results were 
originally obtained by sucrose density gradient 
centrifugation and were recently reproduced by 
‘Airfuge’ centrifugation ([2]; Pawlik et al., un- 
published). The above results were interpreted to 
mean that the formation of the 70 S initiation 
complex is accompanied by the release of IF3. 
However, the earlier experiment still failed to rule 
out completely the alternative possibility that the 
ejection of IF3 might be caused by the binding of 
IF2 and fMet-tRNA to the 30 S ribosomal subunits 
since a small and variable amount of IF3 was lost 
from the 30 S ribosomal subunits upon formation 
of the 30 S initiation complex [5]. 
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To resolve the discrepancy concerning the timing 
of IF3 ejection from ribsomes, we exploited the 
finding that the modification of the single Cys 
residue of IF3 (Cys 66) by MalN-Et is substantially 
reduced when the factor is bound to the 30 S 
ribosomal subunits [lo]. Thus, we followed the 
time course of IF3 modification using radioactive 
MalN-Et under various experimental conditions; 
IF3 was labelled alone as well as in the presence of 
30 S and of various combinations of the other in- 
itiation components. After the reaction, the in- 
cubation mixtures were subjected to electrophoretic 
separation and the amount of radioactivity asso- 
ciated with the IF3 was determined (fig.2). Panel A 
shows the time course of the reaction of IF3 with 
MalN-Et in the presence of either 30 S or both 30 S 
and 50 S ribosomal subunits. As seen in the figure, 
the rate of IF3 modification is higher in the pres- 
ence of the 50 S subunits than in their absence. 
This increased reaction rate can be explained by 
the release of IF3 from its complex with the 30 S 
ribosomal subunit by the 30 S-50 S interaction, 
leading to the formation of the 70 S ribosome. 
Thus, a substantial amount of IF3, previously pro- 
tected by the 30 S ribosomal subunit, now becomes 
available for modification. 

In panel B, the rate of IF3 modification was 
measured as in panel A but in the presence of IF1 , 
IF2 and GTP. The results are qualitatively similar 
to those in panel A; in this,case, however, the dif- 
ference between the samples reacted in the presence 
and absence of 50 S ribosomal subunits is even 
greater than before. This can be explained by an 
increase in the association constant of the 30 S-IF3 
complex caused by IF1 and IF2 (Pawlik et al., un- 
published) which results in a greater protection of 
IF3 against the MalN-Et reaction. Also, the rate of 
IF3 modification in the presence of 50 S subunits 
is somewhat reduced by the presence of the other 
2 factors; the reduction however is less than that 
caused by 30 S, and can be explained by the greater 
difficulty encountered by the 50 S ribosomal 
subunit in ejecting IF3 from its more stable com- 
plex with the 30 S subunits and the other 2 factors. 

Panel C shows an experiment in which the 
MalN-Et reaction of IF3 was followed in the 
presence of 30 S, with or without 50 S subunits, in 
the additional presence of IFl, IF2, GTP and 
either (i) fMet-tRNAre’ (ii) R17 RNA or (iii) both 
fMet-tRNAp and R17 RNA. These are the condi- 

IFl.IFZ.GTP complete init corn 

IC 

Fig.2. Timecourse of IF3 modification with MalN[3H]Et. 
The reaction conditions and electrophoretic analysis of 
the products are essentially those previously described 
[lo]. Before each experiment, the ribosomes and initia- 
tion factors were preincubated with dithiothreitol (DTT) 
and exhaustively dialyzed without DTT under nitrogen 
[lo]. The reaction buffer contained 10 mM Tris-HCl, 
pH 7.8; 100 mM NH&l; 7 mM Mg acetate. Each assay 
was carried out with 0.2 ml of buffer from which 20 pl 
samples were withdrawn at the indicated times, mixed 
with DTT (final concentration 20 mM) and subjected to 
electrophoresis on a 15% polyacrylamide gel containing 
SDS. The radioactivity associated with the band of IF3 
was determined as described in [lo]. The horizontal 
dashed line represents complete (100%) modification of 
Cys 66 of IF3. Each experimental point represents the 
labeling of 22 pmol IF3 in the presence of 22 pmol E. 
cofi 30 S ribosomal subunits without (A) and with (0) 
22 pm0150 S ribosomal subunits and with the following 
additions: A, none; B, 50 pmol IFl, 20 pmol IF2 and 
1 mM GTP; C, same as in B with 20 pmol fMet-tRNAp’ 
and 22 pmol R17 RNA - (0) R17 RNA omitted, (A) 
Met-tRNAp’ omitted. MalN[‘H]Et (525 mCi/mmol) 
was added to a final concentration of 0.3 mM after all 
the other components had been incubated for 10 min at 
37’C and the MalN-Et modification was allowed to pro- 
ceed at the same temperature for the indicated times. 
The percentage of 30 S ribosomal subunits active in 30 S 
initiation complex formation in the complete system was 
separately determined by millipore filtration and found 

to be approx. 40%. 

tions for the formation of a complete 30 S or 70 S 
initiation complex. 

Separate control experiments carried out with 
radioactive fMet-tRNAp* by nitrocellulose filtra- 
tion (not shown) confirmed that these complexes 
were indeed formed. As seen in the figure with 
30 S subunits in the presence of all the combina- 
tions of initiation components, the MalN-Et modi- 
fication of IF3 is depressed to the same rate and ex- 
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tent as that seen in panel B. Only upon addition of 
50 S ribosomal subunits does a substantial depro- 
tection of IF3 take place; this shows that a large 
portion of the factor has been released from the 
30 S ribosomal subunit during the transformation 
of the 30 S initiation complex into a 70 S initiation 
complex. The initial rate of modification of IF3 
upon its release from 30 S ribosomal subunits is 
similar to that observed in panel B. After 30 min, 
however, the reaction seems to approach a plateau 
at a level corresponding to approximately 40% 
modification, This reduced yield can be explained 
by the fact that upon release from ribosomes, IF3 
may bind to the excess RI7 RNA present in the 
mixture, thereby becoming partially shielded. 

4. DISCUSSION 

We have shown here that IF3 is strongly pro- 
tected from chemical modification by MalN-Et 
whenever it is bound to the 30 S ribosomal sub- 
unit, regardless of the presence of other initiation 
components, and that it becomes accessible for 
reaction only when 50 S subunits are added to the 
system. These results demonstrate that IF3 is not 
released from 30 S ribosomal subunits by the other 
2 initiation factors, by mRNA, by fMet-tRNA or 
upon formation of the 30 S initiation complex, 
and that, if it indeed exists, equilibrium E in fig.1 
is completely shifted to the left when no 50 S 
ribosomal subunits are present. The results in- 
dicate, on the other hand, that IF3 is ejected from 
the 30 S subunits by the 50 S ribosomal subunits 
upon formation of the 70 S initiation complex. 
These conclusions confirm the earlier data ob- 
tained by sucrose density gradient centrifugation 
[5,6], but are at variance with the currently ac- 
cepted scheme (fig.1 scheme 1) derived from data 
from other laboratories 17-91. Several reasons 
could account for this discrepancy. 
(i) The use of a short form of IF3, missing the 
first 6 amino acids, by other groups (as document- 
ed in [17]) might,be responsible for the apparent 
release of IF3 at an earlier stage, since such an IF3 
form displays a substanti~ly reduced affinity for 
the 30 S ribosomal subunit (121 and Lammi et al., 
in preparation). 
(ii) The observation of a release of IF3 before 
70 S initiation complex formation depended on the 
fixation of the complexes with ~utar~dehyde and 
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it is common knowledge that this procedure can 
cause artefacts. 
(iii) The formation of a small amount of 70 S in- 
itiation complex due to the presence of contamina- 
ting 50 S subunits in the 30 S ribosomal subunit 
preparations could give the misleading impression 
of an early release of IF3, as would also the use of 
an excessive amount of RNA (either tRNA or 
mRNA) which, being for the most part unattached 
to ribosomes, would draw away from the 30 S 
ribosomal subunits a portion of their bound IF3 

M. 
Apart from the experiments presented here, the 

pathway of IF3 release according to scheme 1 of 
fig. 1 can be ruled out by other considerations. IF3 
affects both on- and off-rates of step C (fig. 1, 
scheme 2) and therefore it is likely to be bound to 
the molecular species present on both sides of this 
equilibrium [l&20]. Furthermore, if the release of 
IF3 occurred according to scheme 1, excess free 
IF3 would probably inhibit tr~slation~ initiation 
both in vivo and in vitro by preventing 30 S initia- 
tion complex formation and this is not the case (see 
below). Finally, it was found that the putative 
fMet-tRNA-IF2 complex, which according to 
scheme 1 is supposed to displace IF3 from ribo- 
somes, is probably not an intermediate in 30 S in- 
itiation complex formation (Gualerzi and Winter- 
meyer, in preparation). 

According to scheme 2 (fig.l), IF3 could be 
released in either 1 of 2 possible ways: either 
displaced directly by the 50 S subunits as in step D 
or indirectly by s~nt~eous dissociation ac- 
cording to equilibrium E. The latter is tantamount 
to the statement that the 50 S ribosomal subunits 
can only associate with a 30 S initiation complex 
depleted of IF3 (step F). Our experiments do not 
allow us to discriminate between these 2 mecha- 
nisms. It should be mentioned, however, that, 
upon site-directed mutagenesis of the initiation 
region of the inf’ gene in.a multicopy plasmid, we 
have obtained the constitutive synthesis of very 
large amounts of IF3, corresponding to a several- 
fold excess of IF3 over ribosomes. Such an excess 
of IF3 would be expected to push equilib~um E 
over to the left and might thereby slow down the 
process of initiation. However, no altered 
phenotype was observed with these cells which had 
the same growth rate and reached the same cellular 
density as the wild type control. This evidence is 
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not conclusive, but we are inclined to favor the 
idea that IF3 is ejected by the direct action of the 
50 S subunits. This mechanism would also account 
for the finding of a transient interaction of IF3 
with the 70 S ribosomes by rapid-reaction techni- 
ques [21]. 
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